The aim of this study was to estimate the frequency of human toxocariasis in Cauday district, Cajamarca, Peru, using a dot-ELISA test. From June to October 2005, a total of 256 adult subjects were studied. Blood samples were collected for serology by a dot-ELISA test and for hematological examination. Parasitological examination was also carried out in stool samples to check cross-reactions in the dot-ELISA. The frequency observed was 44.92%, with a significant higher proportion of positivity in male subjects. From subjects with positive serology, 45.6% had respiratory symptoms, 40.44% abdominal pain, 32.35% hepatic symptoms, 14.7% cutaneous signs, 13.23% ocular manifestations, 43.38% eosinophilia, and all of these were statistically associated to serology. Among the population evaluated, 90.23% (231/256) were parasitized. From subjects with positive serology, 92.17% had at least one intestinal parasite and the most frequent were: Blastocystis hominis (68.38%), Giardia lamblia (28.68%), Hymenolepis nana (20.0%), Ascaris lumbricoides (15.65%), Entamoeba histolytica/E. dispar (13.24%), Cyclospora cayetanensis (4.41%), Cryptosporidium sp. (1.47%), Enterobius vermicularis (0.87%), Strongyloides stercoralis (0.87%), Taenia sp. (0.87%), and Trichuris trichiura (0.87%). The rate of false positives in the dot-ELISA test was improved by serum absorption each with A. suum antigens, with a decrease of cross-reactions. In conclusion, human toxocariasis is highly frequent in this population and some risk factors like dog/cat ownership, presence of pets within house, and previous history of geophagia were observed in the present study.
INTRODUCTION
Human toxocariasis is an accidental parasitic zoonosis due to human infection by larval stages of Toxocara canis and T. cati 11, 24 . The adult forms of these parasites reside in the digestive tract of their definitive host, the dogs and cats, respectively 11, 24 . In humans, when Toxocara eggs containing infective larvae are accidentally ingested, the larvae hatch in the small intestine and migrate through somatic organs, preferably the liver and eyes, and leading to two different classical forms: visceral larva migrans (VLM) and ocular larva migrans (OLM) 11, 27 . VLM is characterized by chronic weakness, abdominal pain, hepatic compromise, diverse signs of allergy and hypereosinophilia 18, 24, 27 . OLM occurs when larvae become trapped in the eyes, leading to uveitis and optic papillitis 24, 27, 33 . Furthermore, other symptomatic patterns can occur, such as covert toxocariasis, asthma, neurological, neurophysiological and occult infection 24, 34 . Additional associated clinical characteristics are chronic allergy, bronchitis, urticaria, headache, behavioral disorders, vomiting, and abdominal pain 11, 24, 27 .
Human toxocariasis is primarily a zoonosis transmitted by soil with geophagia and poor hygiene habits increasing the risk of it. The clinical severity of this zoonosis depends on the total number of embryonated eggs ingested, as well as the ingestion frequency, and is more severe in children 27 .
With the development of serological tests, seroprevalence studies also have been possible. The method of choice for serodiagnosis has been the ELISA test using Toxocara larvae excretion-secretion (TES) antigens 19 , which shows 78.3% to 100% of sensitivity and 90% to 92.3% of specificity 4, 19, 31 .
Toxocariasis prevalence is higher in tropical and developing countries and is generally associated with low socioeconomic level 24 . Different rates have been reported ranging from 1% in Spain 28 to 86% in Santa Lucia 35 ; 3.6% to 24.7% in Brazil 2, 9 ; 47.5% in Colombia 1 ; 34.9% to 66.6% in Venezuela 14, 22 , and 37.9% to 39% in Argentina 3, 30 . In Peru, limited reports indicate frequencies of 7.8% to 20% in rural population and 40% in subjects with ocular suspicion 12, 13, 21 .
The aim of the present study was to determine the frequency of anti-Toxocara antibodies in a population from Cauday district, province of Cajabamba (Cajamarca, Peru) using a dot-ELISA test previously standardized 31 , and its association with clinical manifestations and some risk factors. Cross-reaction between serology and the presence of intestinal parasites were also evaluated.
MATERIAL AND METHODS
This study was carried out from June to October 2005, in Cauday district, province of Cajabamba, Cajamarca, Peru (Latitude = 7º 34' 60'' S and Longitude = 78º 4' 60'' W). This town is located at 2714 m above sea level, at 124 km from South of Cajamarca city, to the left side of the river Condebamba. It has a mean temperature of 19 ºC and an average relative humidity of 80%. This place has an approximate population of 2000 inhabitants which are considered to be in the poorest socioeconomic condition, working on the agriculture. From this universe, 256 adult subjects between 17 to 58 years old were selected by random sampling.
An individual record was made and the following data were registered: anamnesis data, clinical signs and symptoms (pulmonary infiltrates, bronchospasms, bronchitis, hepatosplenomegaly, abdominal pain, leucocoria, strabismus, retinitis, visual loss, convulsions and other signs of central nervous system involvement, pruritus and chronic weakness); epidemiological data and risk factors, including age, sex, ownership of dogs or/and cats, their presence within the home, use of public places (central square and public parks), history of pica and/or geophagia. This research had the approval of the local ethical committee.
Blood samples were collected in vacutainer tubes with and without EDTA as anticoagulant, respectively. Serum was separated and stored at -20 ºC until use. For parasitological examination, stool samples were collected fresh or preserved in 10% saline-formalin solution at room temperature.
Total anti-Toxocara IgG antibodies were detected by dot-ELISA test, using TES antigens as described by ROLDÁN et al. 31 with slight modifications. In order to improve the specificity of dot-ELISA, all serum samples were performed with and without previous absorption with Ascaris suum antigens 4, 31 . Briefly, NC strips of 1 x 6 cm were dotted on marked round areas with 2 µl of TES antigens (0.01 µg/mL) diluted in bicarbonate buffer, pH 9.6, containing 1% of ovalbumin. After drying, the strips were washed twice with PBS-0.1% Tween 20 (PBS-T) and blocked with 5% non-fat milk in PBS/T at 4 °C overnight. All sera were tested at 1:200 dilutions in a volume of 13 µL, at room temperature for 40 min, and in humid chamber. Goat anti-human IgG-peroxidase conjugate (Sigma-Aldrich, US), 1:1000 dilution was added and incubated for 30 min and the reaction was developed for five min in a DAB substrate solution (0.5 mg/mL 3, 3'-diaminobenzidine tetrahydrochloride in PBS, 0.01% hydrogen peroxide). The reaction was stopped by washing it with tap water and the positive reaction was determined by visualization of defined brown dots on the round areas from strips. Additionally, all positive sera were serially two-fold diluted to determine the antibody concentration by titration. Among each step, strips were washed three times with PBS-T.
Hematological examination included total erythrocyte and leukocyte count, and leukocyte differential formula. Total erythrocyte and total leukocyte count was obtained by direct microscopic observation in a Neubauer chamber; leukocyte differential formula was obtained by stained-blood smear with Wright-Giemsa stain. Eosinophilia was defined as absolute eosinophils count more that 500 cells/µL and eosinophils count was scored as: normal (< 6%), mild (6-10%), moderate (11-15%) or severe (> 15%) eosinophilia 36 .
Parasitological examination was realized by direct microscopic observation in fecal smears and by rapid sedimentation technique.
A database was constructed in an Excel spreadsheet for tabulation of the results and statistical analysis was carried out using the software Epi-Info 6.0. Chi-square test and Student-t test for paired samples were mainly used. The p value considered as significant was < 0.05.
RESULTS
From 256 tested serum samples (146 men and 110 women) 53.1% (136/256) were positive by dot-ELISA test without previous absorption with A. suum antigens. However, when all positive serum samples were retested with previous absorption with this antigen extract, the value of positivity decreased to 44.92% (115/256), confirming the possibility of cross-reactions with other helminth infections. The negative serum samples were always negative, before and after the absorption procedure.
From subjects with positive serology, 71.3% were male and 28.7% were female, 47.83% (55/115) had titers of 200, 34.78% (40/115) titers of 400, 11.03% (14/115) titers of 800, and 5.22% (6/115) titers of 1600. Association between sex and the serological test showed a significantly higher proportion of positivity in male subjects (Chi-square = 17.36; p < 0.0001). Age did not show significant differences between seropositive subjects (data not shown).
Ownership of dogs or/and cats showed a significant association (Chisquare = 28.30; p < 0.0001) with positivity to anti-Toxocara antibodies. Furthermore, the presence of pets inside the houses was significantly associated with seropositivity (Chi-square = 38.61; p < 0.0001). The use of public places by people showed a significant association with seropositivity to dot-ELISA test (Chi-square = 7.61; p = 0.0058) as well as previous history of pica or geophagia (Chi-square = 17.30; p < 0.0001) ( Table 1 ).
The more frequent clinical findings in subjects with positive serology were respiratory signs (46.96%), abdominal pain (41.74%), hepatic compromise (31.30%), cutaneous signs (18.26%), ocular signs (13.91%), and neurological symptoms (1.74%). Presence of signs/symptoms were statistically associated (Chi-square = 4.82; p = 0.0282) to positive serology (Table 2) .
Association between eosinophils count and positive serology was statistically significant (Chi-square = 55.66; p < 0.0001). From 115 subjects with positive serology, 26.96% had mild eosinophilia; 24.35% had moderate eosinophilia, and 4.35% had severe eosinophilia. In subjects with negative serology, 7.09% had mild eosinophilia and 4.96% had moderate eosinophilia.
Parasitological analysis revealed that 90.23% (231/256) of the total studied subjects were parasitized. From subjects with positive serology, 92.17% (106/115) had at least one intestinal parasite, and the pathogen protozoan and coccidian parasites were as follows: Blastocystis hominis 68.38%, Giardia lamblia 28.68%, Entamoeba histolytica/E. dispar 13.24%, Cyclospora cayetanensis 4.41%, and Cryptosporidium sp. Because of the high percentage of subjects infected with helminth parasites, the frequency of positivity in the dot-ELISA apparently was higher when it was done without serum absorption with A. suum antigens. Nevertheless, with previous absorption of each serum sample, the rates of cross-reactions decreased over 50%, especially in parasitized subjects with A. lumbricoides and H. nana, although statistical analysis revealed that these results were not significant (t = 2.23; p = 0.0675) ( Table 3) .
DISCUSSION
In this research, a high percentage of anti-Toxocara antibodies frequency (44.92%) was observed in this rural population using a dot-ELISA test as a serodiagnostic technique. 35 . The high association between male subjects and positive serology indicates that they might be at more risk for toxocariasis, probably because of the closer contact with soil, since they are farmers and ranchers.
High prevalence for Toxocara serology may result from various factors, the most important of which concerns living in conditions associated with rural and field infrastructure. Several studies have shown a higher frequency of Toxocara infection in male subjects, which may be due to differences in the behaviors within the home, the community, and work resulting in increased exposure to the eggs of Toxocara sp. 17, 21 . The ownership of dogs or/and cats were significantly associated with anti-Toxocara antibodies seropositivity as well as the presence of dogs or/ and cats within the house. CHIEFFI et al. 8 and WOLFE et al. 37 , reported a higher frequency of infection in individuals who were in contact with dogs. Ownership of dogs is very common in families living in the field, as they use the dogs to assist them with cattle, being considered very good work partners.
The use of public places by people is other important risk factor associated to human toxocariasis, since canine feces are very frequent in public places and playgrounds in other countries 11, 25, 29, 33 . Although limited studies about soil contamination with Toxocara eggs in Peru have revealed a frequency ranging from 30% to 80% 6,21 this risk factor was significantly associated to Toxocara infection. It is possible that infection occurring in this population might have been brought about by accidental ingestion of Toxocara eggs contaminating soil of public places within the district.
The highly significant association between signs/symptoms and positive serology indicates us more evidence of Toxocara infection in this rural population. Hepatic and respiratory involvements were frequently found in these patients with a significant association with the seropositivity. Although 43.38% of the subjects with positive serology had alterations in eosinophils count, only 3.67% had severe eosinophilia. Interestingly, when we analyzed these data with regard to signs/symptoms, they were not statistically associated (data not shown).
Besides the presence of other parasites, these data can indicate that the studied population could be presenting atypical forms of toxocariasis (i.e. covert toxocariasis or incomplete VLM), due to the unspecific clinical picture and low frequency of eosinophilia 11, 24, 34 . These forms of human toxocariasis are different from the classical VLM, and are most frequent in people, as reported by different investigators around the world 11, 16, 18, 24, 27 .
In agreement with the study of KWON et al. 20 , we observed that 77.63% of total subjects with eosinophilia had positive serology by ELISA test. Some of the subjects with eosinophilia and negative serology also presented symptoms suggestive of toxocariasis. This may be due to recent Toxocara infection, other helminth parasites (very frequent in this population) or another unknown causes once peripheral eosinophilia is not always specific for toxocariasis and it may be associated with other helminth infections 24, 27, 32 . Furthermore, intestinal parasite infections were detected in a high percentage of subjects (90.23%), with a significant frequency of helminths (70.7%) (data not shown).
In agreement with other investigators, the dot-ELISA test was made after absorption of serum samples with A. suum antigens in order to increment the specificity. Many authors refer that the main cause of crossreactions in serological tests for immunodiagnostics of toxocariasis are the presence of other helminth infections, while protozoa and coccidia are less related 4, 15, 23, 26 . In our study, we observed false positive reactions in sera from parasitized subjects. When all serum samples were retested with previous serum absorption with A. suum antigens, cross-reactions decreased over 50% in parasitized subjects with A. lumbricoides, and in subjects with H. nana. It is known that there are antigenic similarities among Ascaris species, but it is very interesting to note that the A. suum antigens may help us to decrease the cross-reactions in cases of patients with H. nana, taking in consideration that this parasite belongs to other Phylum. Although statistically no significant (t = 2.23; p = 0.068), this serum absorption procedure could eliminate totally or partially the crossreactions in some cases, these findings demonstrates that the previous serum absorption with A. suum antigens would improve the dot-ELISA performance, as mentioned by others 4, 26, 31 . On the other hand, we could not exclude the possibility of mixed infections between Toxocara sp. and other helminthes, since the presence of risk factors and clinical findings for Toxocara infection found in this study were highly significant.
The high frequency of helminth infections observed in our study suggests that other risk factors described for Toxocara infection, such as poor hygiene habits and sanitary behaviors, must have contributed to it 1, 17, 25, 35 . Protozoan and helminth infections have been found in similar population from other South America cities 5, 7, 10, 23 . We also note that the presence of mixed infections between Toxocara and other helminths can contribute to increase the frequency of positivity using conventional serological tests, as the one of this study.
The high rate for toxocariasis frequency could be the result of several factors, but doubtless the most important is the social characteristics of Cauday district, a town with an extended area without paved streets and with deficient daily cleaning and a high percentage of people with unsatisfied basic needs and with dogs living at home. Serological and epidemiological characteristics for Toxocara infection were observed in the present study. Future studies about soil contamination should be done to better assess the magnitude of this serious health problem, and community education programs should be developed to promote the social concept of a responsible pet ownership. e Trichuris trichiura (0,87%). A taxa de falsos positivos no teste dot-ELISA foi melhorada pela absorção dos soros com antígenos de A. suum, com diminuição das reações cruzadas. Em conclusão, a toxocaríase humana é altamente freqüente nesta população e fatores de risco como ter um cão/ gato, presença dos animais dentro de casa e estória prévia de geofagia foram observados durante o presente estudo.
RESUMO

